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FOREWORD 

Except for minor frictional effects, the energy absorbing mechanism 
in balli stic nylon fabric body armor is the internal visco- elastic 
response of the f i bers . Pr esent fibers are nearly homogeneous ; their 
response patter n is essentially uniform within the cross section, and 
t heir failure is normal fracture . As the strain rate is increased on a 
typical homogeneous fiber, it becomes more brittle and the resulting 
fracture limits the attenuation of energy . It is desired to . explore 
additional mechanisms of energy absorption which might be developed 
within fibers. 

One approach would be to evaluate the potential of combining 
within the indivi dual fibers , materials of differing response charac
teristics as a means of creating interfacial shear effects within or 
along the fibers and possibly, larger fracture zones , which might 
increase ener gy absor ption. Industry recently has developed tech
nology to make biconstituent (dispersed fibril) fibers and bicomponent 
fibers in concentric and bilateral arrangements . 

This project screens and evaluates the ballistic performance of 
several polymer combinations in the various biconstituent and bicom
ponent arrangements . It was i nitiated in September 1969 with Uniroyal, 
Inc . , Wayne, New Jersey under Contract No . ~G17-70-Cg0032. The 
contract was administered under the direction of the Clothing and 
Personal Life Support Equipment Laboratory with Miss Barbara Hodam 
as Project Officer and Mr . Ronald Porter as Alternate. 
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ABSTRACT 

Experimental fibers have been spun from intimate mixtures of 
nylon~ polypropylene and polyester plastics (biconstituent type) 
following an extensive screening program to determine compatibilities. 
Fibers of the bicomponent type (shell/core and bilateral) have also 
been spun from several combinations. A total of six combinations of 
both types plus a 100% nylon control have been spun in sufficient 
quantity to be woven into ballistic fabric and tested on a firing 
range •. All seven fabrics showed an appreciably lower ballistic 
resistance (v50) than a standard nylon ballistic fabric but process 
ing difficulties during the spinni ng operation may have been respons
ible, at least in part, for the poor showing . When comparisons are 
made within the series there is evidence that a shell/core fiber made 
from nylon and polypropylene could be developed into an improved 
ballistic fabric. 
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BICOMPONENT AND ·BICONSTITUENT FIBERS IN BALLISTIC FABRIC 
FOR PERSONNEL ARMOR 

Introduction 

The object of this work is to determine the potential improvement 
in armor fabric balli.stic resistance which might be obtained in fabrics 
made from biconstituent and/or bicomponent fibers . The premises are 
that energy absorpt ion ordinarily provided solely by fiber tenacity 
might be amplified by shear and interfacial separation effects within 
and along the complex fibers . It was hoped that this delaminating 
effect would extend well beyond the point of impact thus spreading 
the additional energy absorption over a large area .of the fabric. 

For the purpose of identification, a fiber comprised .. of two 
polymers wherein one exists as fibrils in a matrix of the other will 
be labeled a biconstituent fiber. A bicomponent fiber is one that 
contains two polymers , both of ~-1hich are present in a continuous form. 
These can exist side by side as in a bilateral configuration, or with 
one surrounding the other as in a shell/core configuration. 

A code system has been developed for identifying the various yarns 
that have been processed for this program. It is as follm-1s: 

Material Combinations Spinning variation 
(Polymer types and ratios) / 

BF ~N---C 4 

Program {esigna tion ~variation 
"Ballistic Fiber" 

Fiber Type~~ 

*Fiber types are designated as follows : N - biconstituent made 
from bulk mixed material ; P - biconstituent made from preblended 
material ; S - bicomponent in shell/core configuration; B-- bicom
ponent in bilateral configuration . 

Material Selection 

The materials selected for this program are listed in Table I. 

Thermoplastic polyurethane and polyvinyl alcohol had also been 
considered during the plannirtg stages of the program but were elimin
ated because of anticipated difficulties due to incompatibility. 
Since polyvinyl alcohol is processed by a unique wet spinning process, 
the possibility of successfully combining this material with hydro-



Table I 

Candidate Plastics for Spinning into Fiber s 

Trade Name ~ RV1 MVl MV5 IV1 MV6 MFl 

Plaskon 8205 Nylon 6 290 10R900 

Plaskon 8207 Nylon 6 70 2, 100 1.27 

Plaskon 8202 Nylon 6 38 0.85 

Plaskon XP485 2 Nylon 6 50 1Rl00 

Zytel 101 3 Nylon 66 55 

Polytex Polyester 0. 93 

Vi tel 316 . Polyester 0.63 

Shell 5220 Polypropylene 0.6 

Shell 5820 Polypropylene 12 

Lexan 101 Polycarbonate 12,000 

Surlyn A-1559 Polyethylene/ 2200 
methacrylic 4 acid ionomer 

1. Melt viscosity in Poises @ 13.6 psi shear stress and 550°F. 

2. 

3. 

4. 

5. 

6. 

Tire cord type polymer. 

General purpose polymer. 

Sodium cation. 

Melt viscosity in Poises at.. 550°F, shear rate 650 - 1 sec. 

Melt viscosity in Poises a t 500°F, shear 650 
~1 

rate sec. 

Abbreviations: MV Q melt viscosity, RV ~ relative viscosity9 

IV - intrinsic viscosity, MF ~ melt flm.;r (ASTM Dl238Q65T). 
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phobic plastics in a hot melt appeared remote. Perfecting or develop
i ng a compat ible ~o1e t spinnabl e nylon t o combine '>lith this ma t erial 
would be beyond the economi c scope of this contract . A polyurethane 
elastomer that is mel t spinnable in the temperature range of our nylon 
standard is not available commercially . The cost of running this com
binationJ t herefore, would also be t oo high to include t his polymer as 
a candi dat e i n a s creening operat i on. 

Plas kon 8205 type 6 nylon (RV 290) was first selected as the 
standar d on which t o base the various combinations, but it ,.,as found 
tha t t his ma t erial ha4 _too high a viscosity to be processed in the 
equipment for spinning shell/core construction. Since Plaskon 8207 
processed sati sfactorily here, it was chosen as the common polymer 
for all combinations . Similarly, a lower molecular weight polypro
pylene (Shell 5820) was used to replace Shell 5220 in the polypro
pylene/nylon bilateral fiber when it was found that Shell 5220 was 
too viscous for the bilater al pack (manifested by immediate and 
repeated shear pin breakage i n the gear pump under a variety of con~ 
ditions) . 

Biconstituent Fiber Processing 

Since a test of the spinnability of a large number of possible 
polymer combinations for biconstituent fibers was desired, a screen
ing program was run on a small melt spin unit. This consisted of a 
l - inch Modern Plastics Machinery type 100m20 extruder equipped with 
flow stabilizing gear pump and an 8- hole spinneret . ·Initially, bulk 
mixed granules of the two polymers we~e dried and fed directly to this 
machine. However , early in the program it was decided to try pre
mixing to s·ee if better physicals could be obtained . To accomplish 
this the combined pellets were melt extruded into a large~diameter · 

monofilament, then chopped into pellets which were fed to the fiber 
spinning unit. Since no improvement could be detected over several 
runs the pre~mix procedure was abandoned . All y~rns produced on the 
production- scale melt spin unit were spun from bulk mixed feeds , Com
binations tried on the small screening un~t are shown in Table II. · In 
many cases several att empts were made on particular combinations 
either to obtain a successful run or to improve drawing characteristics 
and physicals . As soon as possible after spinning, the yarns were 
drawn; each yarn appeared to require a specific draw ratio to handle 
properly. Tensile t es t s were run following a successful draw to pro
vide quantita t ive data on tenacity and elongation . Because of the 
limited nature of the .program one can only safely say that specific 
material combinations mixed to a specific ratio did or did not run 
under the specific conditions imposed . Generally, however , the data 
did serve· the purpose intended Q that of acting as a guide for select
ing combina t ions for the scale- up phase whi ch would lead to fabric 
construc tion . 
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Table II 

Combinations Tried on Small Melt Spin Unit for Biconstituent Fibers 

Yarn Code No. BF- 2N lN lOP 9P 12P llP 16P 15P 34N 32N 35N 36N 

Com2osition 

Nylon 6 (RV 290) 70 30 70 30 70 30 70 30 

Nylon ·6 (RV 70) 30 70 70 30 70 30 

Nylon 6 (RV 38) 

Nylon 66 · (RV 55) 

Polyester (I.V. 0.93) 30 70 

Polyester (I~V. 0. 63) 30 70 

.p. Polypropylene (MF 0.6) 30 70 30 70 30 70 
Po1ycarbonate 

Ionomer Copolymer 10 10 

Yarn Denier 151 72 108 85 (2) (1) 127 86 (1) 63 (1) (1) 

Tenacity, g/den. 2.76 2 . 18 4.87 6. 27 - - 2.86 4.02 - 3.33 

% Elongation 10 6 15 13 - - 19 13 ~ 9. 7 

Selected for scale-up 

Notes (1) Not spinnable as run 
(2) Could not be drawn 
(3) Crosslinked in die 



Table II (Cont'd.) 

Yarn Code No. BF- 39N 38N 41N 43N 42N 44N 45N 29N 7N 30N 28N 

ComEosition 

Nylon 6 (RV 290) 

Nylen 6 (RV 70) 70 30 30 70 30 70 30 

Nylon 6 (RV 38) 

Nylon 66 - (RV 55) 70 30 70 30 

Polyester - (I.v. -0.93) 30 70 30 70 

Polyester (I.V. 0.63) 30 70 70 30 70 

Polypropylene (MF 0 . 6) 30 70 

Polycarbonate 

V'l Ionomer Copolymer 10 10 10 10 10 

Yarn Denier (1) 76 (1) (1) (1) (1) (1) 163 78 (1) (1) 

Tenacity, g/den. - 2.66 - - - - - 3.61 1.31 

% Elongation - 18.5 - - - - - 13.6 4 

Selected for scale-up X X .. 
Notes (1)- Not .spinnable as run 

(2) Could not be drawn 
(3) Crosslinked in die 



Table II (Cont'd.) 

Yarn Code No. BF- 37N 47N 48N 49N SON 51N 

Composition 

·Nylon 6 (RV 290) 

Nylon 6 . (RV .70) · 70 30 70 30 70 30 

Nylon 6 (RV 38) 30 70 30 70 

Nylon 66 - (RV 55) 

Polyester - (I.V. ·0.93) 

Polyester (I.V. 0 . 63) 

Polypropylene (MF 0 . 6) 

Poly-carbonate 30 70 

Ionomer Copolymer 10 10 
0'\ 

Yarn Denier (1) (1) 82 98 81 88 

Tenacity, g/den . - - 6.0 4.62 4.07 3 . 25 

% Elongation - - 9.5 12 . 8 9 . 33 14.7 

Selected for scale-up X 

Notes (1) Not spinnable as run 
(2) Could not be drawn 
(3) Crosslinked i n die 



TWo at tempt s ,.,ere made to orocess a polycarbonate/nylon mixture 
but severe decomposition occurredin both cases. 

Even though the 70/30 Nylon 6 (RV 70)/Polyester (I.V . 0 . 63) combin
ation~ Run No. 39N, could not be successfully spun on the small melt 
spin unit, it was tried on the large unit because Nylon 6 was desired 
as the major cons tituent of this combi nation. However , t he lack of 
spi nnabi lity carried over t o t he large equi pment, and it was necessary 
t o sett le for the reverse ratio combination, Run No. 38N, for process
ing into fabric. 

The duPont ionic polymer 9 Surlyn A, was tried as a dispersing aid 
a t the 10 parts level in many combinations . It proved to be of value 
only in nylon/polypropylene combinations where it improved spinnability 
and drawing char ac t eris tics sufficiently to permit production of a 
fiber . 

A t ot al of three biconstituent fibers plus a 100% nylon control 
were chosen to be pr oduced for weaving i nto fabric. For these produc
tion runs the 2~1/2binch Hartig extruder with a 140 hole spinneret was 
used . Materi al ,.,as fed into the spin pack with a flow stabilizing 
gear pump. The combinations successfully run are 70 polyester/30 
nylon, 70 nylon/30 polypropylene, and 70 nylon (I.V. 1.27)/30 nylon 
(I. V • 0. 85 ) • 

Bicomponent Fiber Processing 

Bicomponent fibers were spun on a dual extruder setup . This com
prises a 2~1/2=inch Ha·rtig extruder and a Modern Plastics Machinery l
inch extruder, each fitted with ·a flm-1 stabilizing gear pump . · Two 70 
hole dual extrusion spinnerets were available. One produced a shell/ 
core configuration and t he ot her a bilateral configuration. 

As mentioned befor e , Plaskon 8205 (RV 290) nylon could not be 
processed through the shell/core spin pack because of high viscosity; 
Shell 5220 (MF 0 . 6) polypropylene could not be processed through the 
bilateral spin pack for the same reason. Successful spinning produc
tion runs ,.,ere made with combinations of Nylon 6 (RV 70)/Polypropylene 
(MF 0.6) 9 Nylon 6 (RV 38)/Polypropylene (MF 0.6), and Nylon 6 (RV 70)/ 
Nylon 6 {RV 38) in the shell/core construction and with combinations 
of Polypropylene {MF 12)/Nylon 6 (RV 70) and Nylon 6 (RV 70)/Nylon 6 
(RV 38) in the bilateral construction . The Nylon 6 (RV 70)/Nylon 6 
{RV 38)combinat ions have been completed through the drawing and twist
ing operation but \-Till not be woven into fabric. All other combin= 
a tions have been converted to fabr i c and tested. 

Drawing, T\-Tisting and WeavinB 

All production scale yarns \-Tere drawn on an apparatus designed to 
cover a large range of dra,., r atios in stepped increments. The equip-
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ment included a thermostatically controlleds heated feed roll and a 
room temperature pull ·roll. A standard Ansonia takeo..up ,.,as used for 
spooling . The yarns were then given 3 .5 turns per inch Z twist and 

. res pooled for the loom.· Fabrics wer.e ,.,oven into a 2x2 basket weave 
and scoured in accordance with specifi.cations described in MJ.L=C=l2369E. 

Yarn and Fabric Properties 

Table III presents data on the nine yarns and seven fabrics pro
duced. Stress/strain curves were obtained on 140 filament yarns using 
.an Instron • at a crosshead speed of 10 in. /min. The best yarn tenacity 
was obtained with the nylon control but even t his figure (4.29 g/den .) 
is substantially lower than lwuld be anticipated for a tire grade 
nylon. Generally, the biconstituent fibers gave t he lowest yarn ten
acities; the bilateral fiber made from a combination of the nylon 
control and polypropylene gave the best t enacity of any experiment al 
combination. 

~he . relatively high grab strength displayed by t he nylon/nylon 
biconstituent fiber fabric (48N-D-2) when c ompared with that of the 
nylon/polypropylene biconstituent yarn . (44N~F~2) and the nylon/poly~ 
propylene bilateral yarn (lB .. D .. l) , both of which show higher tenaci~ 
ties in combination l<lith equivalent or higher fabric weights, is an 
anomalous result which cannot be explained at present. 

Even though several trial spinning and drawing runs were made 
for the control and for most experimental combinations9 it is believed 
that further improvement in tenacities could have been made with more 
extensive development e.ffort. The large number of variables present 
during .a giv~n run on . the production scale melt - spin unit precluded 
optimization ,of each. Temperature changes alone required at least 
60 minutes in most cases to reach an equilibrium condition. Also, it 
is thought that staged heating on the draw unit would have been help .. 
ful. 

Figures 1 through 5 are photomicrographs of a cross sectional 
area ,of experimental yarns. Attempt s to obtain electron micrographs 
(RCA mode~ EMU~3) that would show any kind of phase distinction were 

.unsuccessful. T~e shell/core construction, Figure 1, and the bilateral 9 

Figure 2, definitely show two phases with lines of demarcation. Many 
of the bilateral fibers appear to have separated into their individual 
fibril components. , Actual ly, there is no reason to expect nylon and 
polypropylene to adhere to one another by simple planar contact. Photo~ 
micrographs of the biconstituent fibers 9 Figures 3 and 49 fail to show 
any distinguishing features. Magnifica tions to 460X were tried but no 
phase distinctions could be observed. An a ttempt t o slice the fibers 
longitudinally _was unsuccessful. A phot omicrograph of the nylon lf:On .. 
trol, Figure 5, i.s included for comparative purposes . 
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Code BF-

Yarn 

Composition 

Type Fiber 
Tensile, g. 
% Elongation 
Denier 
Evenness1 

Tenacity, g . /den . 
Initial Modulus, 
g./den./%Elong. 

Fabric 
Oz . /sq . yd . 
\-J'idth (in.) 
Thickness (in . ) 
Ends/inch 
Picks/inch 

Yarn Size (den.) 
Take Up (%) 
TPI Single "Z" 
Grab strength (lb.) 
Grab Elong •. @ Bk . . (%) 
Tear Resistance (lb.) 

Table III 

Fiber and Fabric Properties 

lB~D~l 

50 LMW2 polypropylene 
50 HMW2 nylon 

Bilateral 

warp 

1248 
17.63 
4.88 

818 
lll 

71.6 

4390 
30 

1008 
70.4 
4.07 

0 . 306 

17 . 9 
10.93 

0.0564 
47.7 
47.7 

Fill 

1256 
18.60 
5.26 

930 
132 

78 . 9 

2B- E-2 

50 HMW nylon 
50 LMW nylon 

Bilateral 
3700 

12 
1020 

3.63 

0.443 

None Made 

lOlS-D- 1 

50 HMW nylon 
50 HMW polypropylene 

Shell/core 
4130 

Warp 

1296 
14.2 

35 
1215 

3 . 40 

0.168 

14. 8 
11.95 

0.0383 
47.0 
36.2 

Fill 

1399 
12.3 

4.2 
7233 

61.0 

4.5 
880 
109 

1 . Standard deviation calculated from ten samples taken from separate spools. 
2. LMW: low molecular weight; HMW : high molecular· weight. 
3. Tore at jaw 



....... 
0 

Code BF-

~ 
·Composition 

Type Fiber 
Tensile, go 
% Elongation 
Denier 
Evemiess1 

~enacity, go/deno 
Initial Modulus, go/den../ 
.% Elongo 

Fabric 
Ozo/Sqo ydo 
Width (ino) 
Thickness (ino) 
E.J.ds/ inch 
Picks/inch 

Yarn size (deno ) 
Take Up (%) 
TPI S:ingJ.e 11 Z11 

Grab Strength (lbo) 
Grab Elongo @ Bro (%) 
Tear resistance (lbo) 

Table III (Cont 1d) 

103S-B~1 105S-B-1 

2 So LMW2nylon SO BMW nylon 
So· HMW polypropylene 50 LMU nylon 

Shell/core 
3310 

27 
986 

24o8 
3 .. 36 

Oo 129 

14o 1 
llo6o 

Oo0441 
48o3 
4So8 

~ 

1042 
14o 1 
4o2 
6923 

80o0 

Fill 

1003 
13o6 
4o6 

1069 
130o0 

Shell/core 
3840 

21 
1150 

3o34 

Oo31S 

None Made 

38U-=G~1 

70 LMW polyester 
30 HMW nylon 

Biconstituent 
3320 

8 
1060 
79o8 
)o 13 

0 .. 449 

14o) 
10o96 

Oo0.3S4 
47o3 
48o0 

~ Eill 
1200 1040 
6o72 1Jo79 
So04 So 54 
580 595 

46o6 60 .. 3 
41 .. 8 46 .. 3 

1 o Standard deviation calculated from ten samples taken f:i om separate spocl so 
2o LMW: low molecular -,;.reight; IDfw~ high molecular weight o 
)o Tore at jaw 
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Code BF= 

Yarn- .. 

Composition 

Type Fiber 
Tens:Ues g . 
% Elongation 
Denier 
Evemiessl 
Teiiaci.tyu g. /den . 
Initial Modu1~s ~ 

g . /den./% El ong. 

Fabric 

oz ./sq . yd. 
Wid th ( in. ) 
Thickness ( in. ) 
Ends/inch 
Picks/inch 

Yarn Size (den .) 
Take Up (%) 
TPI Single "Z" 
Grab Strength (lb.) 
Grab Elong. @ Bk. (%) 
Tear resistance (lb.) 

Table III (Cont ' d. ) 

44N .. F-2 

70 HMW2 nylon 
30 HMW2 polypropylene 
10 Ionomer Copolymer 

Biconstituent 
4230 

31 
1360 
37.6 
3 .11 

0.217 

17.0 
11. 98 

0.0428 
35.8 
37.7 

Warp 

1596 
9 . 83 
3.96 

614 
70.7 . 
75.1 

Fill 

1606 
12.74 
4.29 

697 
83 . 7 
79.4 

48N-D-2 

70 HMW nylon 
30 LMW nylon 

Biconstituent 
3110 

15 
1150 

187.6 
2. 71 

0.295 

16. 8 
11.1 

23 .0 
22 . 8 

Warp 

1266 
9.9 
4.4 
913 
113 

72 . 9 

Fill 

1369 
12. 0 
4.4 

1150 
80.7 
74.7 

19N=J=7 

100 HMW nylon 

Control 
5320 

30 
1240 
71.1 
4.29 

0.329 

15.1 
11.48 

o. 0378 
45. 3 
43. 5 

Warp 

1410 
11.8 
4.65 
1008 
95 .7 
78.5 

Fill 

1275 
13 . 3 
4.93 
1416 

156 . 3 
69 . 9 

1. Standard deviation calculated from ten samples taken from separate spools . 
2 . LMW : low molecular weight; HMW: h igh molecular weight. 



Fig. 1 - Photomicrograph (100 X) 
of Fiber Cross Sections (50 Poly
propylene Shell, 50 Nylon Core) 

12 

Fig. 2 - Photomicrograph (200 X) 
of Fiber Cross Sections (50 Poly
propylene, 50 Nylon Bilateral) 



Fig . 3 - Photomicr ograph (200 X) 
of Fiber Cross Sections (70 Poly
ester, 30 Nylon Biconstituent) 

Fig. 4 - Photomicrograph (200 X) 
of Fiber Cross Sections (70 Nylon, 
30 Pol ypropylene, 10 Surlyn A 
Bicons tituent) 

Fig. 5 - Photomicrograph (200 X) 
of Fiber Cross Sections (Nylon 
Control) 

13 



Ballistic Test Resul ts 

The fabrics were subjected t c ball i stic tests on. a· firing range 
at the Uniroyal Research Center. in H'ayne9 N. J. The r ange ·was designed 
in accordance ~.;rith ins tructions· given in MIL~STD=l161 9 "Test Facility, 
Ba11istic9 For Personal Armor Ma teria l"" while the method used -to 
dete r mine v~ 0 followed the proc.edure given 1n MILbSTD~662A~ "Ba ll istic 
Acceptance rest Method For Personal Armor Material. II One important 
exception is that the test facili.ty a t mosphere \o7as not contr olled . 

Since the fabrics were experimental they varied cons ider ably in 
areal density and it was necessary to r educe the number of shee ts in 
the t es t panel in some cases to more nearly approximate the '"e i ght of 
a s t andard test panel (12 sheets v1eighing 18.7 oz. /ft. 2). Although 
v50 is not linear ly related to fabric weight~ calcula ted v50 values 
were t hen r oughly corrected to compensa te for the known differences by 
multiplying the ac t ual v

50 
by the ratio of 18.7 to t he measur ed panel 

a real density. The requ~red number of sheets comprising a test panel 
were stapled together a t the edges prior to mounting in the clamping 
frame . The surfaces of t he clamping f rame in contact with the fabric 
were faced with a coarse emery cl oth to reduce bagging from projectile 
impact. 

A new rifle was used to fire the standard 17=gra in fragmen t s imu~ 

l ating missile . Veloc i ty \ofas measured by an Electronics Assoc iates» 
I nc . 6200- 6202 counter. The accuracy of th:i.s instrument was checked 
wit h a type 564 Tektronix oscilloscope and fotmd to be within speci~ 
f ica tion. Standard ball i s tic fabric furnished by Na t ick \'la s tes t ed on 
each day that t ests wer e run on experimental fabrics t o main t ain a 
control on t he testing. 

The data shown in Table IV indicate tha t an absolute improvement 
over standard nylon ball i s tic fabric has not been achieved. Howeverv 
this may be due, at leas t in part~ to the relatively lo"1 tenacities 
(as previously noted) of the experimental fibers. A more val i d assess~ 
Ijlen t of the value of bi component and biconsti tuent fibers in ballis tic 
fabrics can be made by ' comparing them wi th the control ~.;rhich has been 
processed on the same equi pment . If one examines the. corrected v50 
values it is apparent that only two of the experimental fabrics are as 
eff ective as that control~ vi2.;. BF=lB=J)"l and BF=101S=D=L It will be 
noted that both of these are bicomponen.t f i bers. Moreover ~ it may be 
s een that shell/core bicomponent fi.ber~ 101S=D=ls exhibits the same 
v50 as the all~nylon control even though it shovrs a significantly lower 
tenacity (3.40 g/den. for the experimental fiber vs. 4.29 g/den. for 
the contrc;>l ) . Presqmably~ if the tenacity cou.ld be i mpr oved a higher 
v50 mi ght be r ealized. The shell /core construction~ then, could serve 
as the basis for an extens:i.on of th:i.s program. 

14 
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I./I 

Code BF-

Composition 

Type Fiber 
Yai:n tenacity 

g . /den. 
Fabric Wt • • 

oz. /sq. yd. 
No. Sheets in 

Test Panel 
Panel Areal Density, 

oz-. /sq. ft. 
Actual v50, ~f . /sec. 
Corrected v50 , 

ft./sec . 
2 v50, Standard Fabric , 

ft . /sec. 

Table IV 
Ballistic Tests 

lB-D-1 

50 utw3 poly-
pr9p3lene 

50 HMW nylon 

Bilateral 

4.07 

17.9 

10 

19 . 8 
1176 

lllO 

1290 

lOlS-D~l 103S-B- l 

50 BMW nylon 50 LMW nylon 

50 HMW poly- 50 HMW poly-
- propylene propylene 

Shell/core Shell/core 

3.40 3 . 36 

14.8 14.1 

11 12 

18.2 18.8 
1097 1007 

1127 1000 

1346 1320 

1. Corrected to a test panel areal density of 18.7 oz./sq. ft . 
2. Furnished by Natick and tested on same day as experimental fabric ; 

12 sheet panels, areal density 18.7 oz./sq. ft. · 
3. LMW: low molecular weight; BMW: high molecular weight. 



1-' 
0'\ 

Code BF~ 

Composition 

Type Fiber 
Yarn Tenac ity, 

g./den. 
Fabric Wt: • • 

oz ./sq. yd . 
No. Sheets in 

Test Panel 
Panel Areal Density, 

oz . /sq . f t:. 
Actual v50 1 Corrected v50 v50, St~n~ard 

Fabr~c 

Table IV {Cont'd.) 

44N-F-2 48N-D-2 

70 HMW3 nylon 70 HMW nylon 

30 HMW poly- 30 LMlV3 nylon 
propylene 

10 Ionomer 
-copolymer 

Biconstituent Biconstituent 

3.11 2.71 

17.0 16 . 8 

10 11 

18 . 9 20 . 5 
970 1045 
960 953 

1285 1285 

38N-G-l 

70 LMl~ poly~ 

estE'~ 

30 HMK nylon 

Biconstituent 

3.13 

14 . 5 

12 

19 . 3 
1047 
1013 

1290 

1. Corrected to a test panel areal density of 18.7 oz ./sq. ft . 
2. Furnished by Natick and tested on same day as experimental fabric ; 

12 sheet panels, areal density 18 . 7 oz./sq. ft . 
3 . LMW : low molecular weight ; HMW : high molecular weight . 

19N-J-7 

100 ID'nv nylon 

Control 

4.29 

15 . 1 

11 

18 .5 
1113 
1125 

1300 



SUMMARY AND CONCLUSIONS 

Eight experimental fibers plus a nylon control have been prepared 
in quantity,. Six of these plus the control have been woven into fabric 
and tested for ballistic resistance . All seven fabrics show an appre
ciably lower Vso than a standard nylon fabric ·furnished by U. S . Army 
Natick Laboratories . This may be explained by the generally low 
tenacities of -all fibers produced under t his contract. A more valid 
assessment of the value of .bicomponent ant biconstituent fibers in 
ballistic fabrics can be made by comparing them with the control which 
has been processed on the same equipment . 

If one uses the control fabric for comparison and considers the 
fiber tenacities to be indicative of what may be ·anticipated with 
respect to ballistic resistance, then one of the experimental con
structions, namely, the shell/core fiber prepared f~om nylon and poly
propylene (BF~lOlS~D-1) is worthy of further consideration. Fabric 
made from this yarn showed the same v50 as the nylon control even 
though its tenacity was .:only 80% as high . Thus, the concept of 
increasing total energy absorption by adding a delaminating effect 
within or along these complex fibers to the basic strength of the 
fabric may have been demonstrated by this particular case. It is 
conceivable that refinements in processing to improve the overall 
tenacity could lead to a fabric with superior balli~tic resistance. 

17 
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